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hydrogenahon of halogenated compounds 

The present invention relates to a process for hydr genating a halogenated 
compound which contains one or more >C= O, olefinic and/or aromatic >C=C< groups. 

5 There is an increasing demand for methods of processing halogenated organic 

compounds which are for example comprised in fractionation column bottoms in the 
production of allyl chloride, ethylene dichlorlde or trichloroethylene, or in used dielectric fluids 
containing polychlorinated biphenyls and chlorinated benzene. Several methods exist of 
converting saturated halogenated organic compounds by hydrodehalogenation techniques to 

10 hydrogen halide and hydrocarbonaceous organic compounds having a decreased halogen 
content which may be safely and usefully employed or recycled. Such hydrodehalogenating 
techniques are for example described in U.S. Patent Nos. 5,31 6,663 and 4,899,001 . 

However, it Is known from U.S. Patent No. 4,899,001 that unsaturated 
halogenated organic compounds present a greater challenge for subsequent processing, such 

1 5 as hydrodehalogenation, than the saturated halogenated organic compounds. For example, 
the presence of double bonds can interfere with the hydrodehalogenation reaction or 
polymerization may take place. Therefore, skilled artisans have searched for methods of 
converting unsaturated halogenated organic compounds to the corresponding saturated 
halogenated organic compounds. 

2Q U.S. Patent 4,899,001 teaches a process wherein a) a first feedstock comprising 

unsaturated, halogenated organic compounds is reacted with hydrogen In a first 
hydrogenation reaction zone operated at mild hydrogenation conditions to produce a first 
hydrogenated stream comprising hydrocarbonaceous compounds, b) this first hydrogenated 
stream and a second feedstock comprising saturated, halogenated organic compounds are 

25 reacted with hydrogen in a second hydrogenation reaction zone operated at hydrogenation 
conditions selected to produce a stream comprising hydrocarbonaceous compounds and to 
generate at least one water-soluble inorganic halide compound. These two reaction steps are 
followed by several separation steps. The primary function of the hydrogenation reaction zone 
in step a) is the selective saturation of the unsaturated, halogenated compounds; however, 

30 dehalogenation, desulf urization, hydrocradcing, may also take place. 

Chemical Abstract No. 116:255051 relates to studies on hydrogenation with nickel 
catalysts, particulariy to catalytic properties of colloidal nickel for the hydrogenation of carbon- 
carbon double bonds. 

Chemical Abstract No. 88: 169335 relates to studies on hydrogenation of olefins 

35 catalyzed by polymer-bound palladium (II) complexes. It is disclosed that a polymer-bound 
PdCl2 complex under mild conditions catalyzes the hydrogenation of alkenes and alkynes. 
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Chemical Abstract No. 85: 176349 discloses an active palladium catalyst for the 
hydrogenation of rganic compounds, such as 1-hexene, cyclohexene, PhCHO and PhN02, 
wherein Ph is phenyl. 

However, hydrogenation of halogenated compounds which contain one or m re 

5 >C=0, oieflnic and/or aromatic >C = C< groups is an exothermic reaction. When the 

reaction is conducted on a large scale, the reaction temperature has to be carefully controlled. 

108,953 discloses a process for preparing 3>chloropropyl alcohol by 
hydrogenating 3-chloroallyl alcohol using palladium as a catalyst. The reaction is carried out in 
liquid phase, 3-chioroallyl alcohol is dissolved in a non-polar organic solvent, such as carbon 

10 tetrachloride, pentane, hexane, heptane, aromatic compounds, ketones or ethers. Preferred 
solvents are said to be cyclohexane and octane. By using such a solvent, the reaction 
temperature can be controlled, however, the solvent has to be separated from the product in 
an additional step after the reaction, which substantially increases the costs of the process. 

Therefore, it would be desirable to provide a hydrogenation process which allows 

15 an efficient temperature control but which does not require subsequent separation of a 

solvent. It would be particularly desirable to provide a hydrogenation process which can be run 
continuously and, most preferably, which can be run on a large scale. 

Accordingly, the present invention relates to a process for hydrogenating a 
halogenated compound (I) containing one or more >C=0, olefinic and/or aromatic >C=C< 

20 9roups for producing a halogenated compound II having no or a decreased level of > C= O, 
olefinic and/or aromatic >C = C< groups. The process is characterized in that a liquid feed 
stream comprising one or more of said compounds (I) is contacted with a hydrogen-rich 
gaseous stream and a liquid recycle stream, comprising one or more of said compounds (II), in 
the presence of a catalyst. 

25 Liquid feed streams which consist of one or more of the mentioned compounds (I) 

and liquid recycle streams which consist of one or more of the mentioned compounds (II) are 
also meant to be included in the terms "a liquid feed stream comprising one or more of said 
compounds (1)" and "a liquid recycle stream comprising one or more of said compounds (II)." 
In the process of the present invention the reaction temperature can be 

30 efficiently controlled by conducting the hydrogenation in the presence of one or more 
compounds (II). Compound (II) is a reaction product resulting from the hydrogenation of 
compound (I). By "hydrogenation of compound (1)" is meant a partial or complete 
hydrogenation of the >C = 0, olefinic and/or aromatic >C = C< groups in compound (I) 
without a substantial reduction of the halogen atoms by hydrodehalogenation and without 

35 substantial polymerization. The mentioned one or more compounds (II) may originate from 
various sources, however, at least a portion of compound(s) (II) originates from a liquid recycle 
stream which comprises one or more compounds (II). The liquid recycle stream comprising one 
or more compounds (II) senses as a reaction diluent which allows a 
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continuous control of the reaction temperature. This way of controlling the temperature has 
c nsiderable advantages ver ther methods. As described above, th reaction temp rature 
can b contr lied by adding an inert diluent, such as a hydrocarbon, to the reaction mixture. 
This method requires an additional separation step, as indicated above. Another method of 
5 temperature control would be the use of a Jacketed reactor and a temperature control system 
for cooling the reactor. Again, this method of controlling the temperature would be very 
expensive. According to the present invention neither the presence of a hydrocarbon or a 
similar inert reaction diluent nor the use of a jacketed reactor and a sophisticated control 
system is necessary. 

y Q The halogenated compounds (I) may be brominated or f luortnated or, preferably, 

chlorinated. The halogenated compounds (I) may contain one or more halogen atoms. One or 
more types of halogen atoms may be present in the halogenated compounds (I). The 
halogenated compounds (t) preferably comprise from 2 to 24 carbon atoms, more preferably 
from 2 to 1 2 carbon atoms, most preferably from 2 to 6 carbon atoms. 

15 The halogenated compounds (I) contain one or more >C = O, olefinic and/or 

aromatic>C=C< groups. The number of these groups is not limited. Olefinic carbon-carbon 
double bonds, if present, may be isolated or conjugated. Preferably, the total number of the 
>C= O, olefinic and/or aromatic >C=C< groups in the halogenated compounds (I) is from 1 
to 1 2, more preferably from 1 to 6, most preferably from 1 to 4. 

20 Additionally, the halogenated compounds (I) may contain one or more other 

heteroatoms, such as nitrogen, sulfur, oxygen and/or metal components. Furthermore, they 
may contain carbon-carbon triple bonds, carbon- nitrogen double bonds, carbon-nitrogen 
triple bonds, carbon-sulfur double bonds, carbon-phosphorus double bonds. Some or all of 
these double and triple bonds may be hydrogenated during the process of the present 

25 invention, depending on the amount of hydrogen and the type of catalyst. Depending on the 
type of catalyst used in the reaction of the present invention, the presence of such heteroatoms 
may be less desirable. 

Exemplary of halogenated compounds (I) containing one or more >C = O groups 
are halogeno-alkyi alkyi ketones, such as chloromethyl methyl ketone or halogenated 

30 carboxylic acids, such as 2-chloro-2-propenoic acid. 

Exemplary of halogenated compounds (I) containing one or more olefinic carbon- 
carbon double bonds are cis- or trans-l-chloro-l-propene, 2.chloro-1-propene, ally! chloride, 
cis- or trans- 1,3-dichloro-1-propene, 2,3-dichloro-1-propene, 3,3-dichloro-l-propene, cis- or 
trans-1,4-dichloro-2-butene, hexachloro-1,4-butadlene and 2-chloro-3-propenol. 

35 Exemplary of halogenated aromatic compounds (1) are 1-chloro-3-phenyl-l- 

propene, mono-, dl-, tri-, tetra-, penta- or hexachiorobenzene and chlorophenols. 

The halogenated aromatic compound (I) may contain one or more heteroatoms. 
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Pr f erred comp unds (1) are olefinic or aromatic chlorinated comp undsof2to 
1 2 carbon atoms, m re preferably lef ink chlorinated compounds of 2 1 6 carbon atoms or a 
m ixtur of tw or mor of such c mpounds, m st preferably on r more chloropropenes. 

Most preferably, the liquid feed stream used in the process of the present 

5 Invention is at least partially a waste stream originating from the chemical production of 

various compounds, such as fractionating column bottoms in the production of allyl chloride, 
ethylene dichlortde, trichloroethylene or perchloroethylene, or comprises recycled chemical 
compounds, such as used dielectric fluids containing polychlorinated biphenyls, chlorinated 
benzene or chlorinated solvents, and mixtures thereof. 

10 "The liquid feed stream containing one or more of the above-mentioned 

compounds (I) is contacted with a hydrogen-rich gaseous stream and a liquid recycled stream in 
the presence of a catalyst. The liquid feed stream may contain up to 100 percent, generally 
from 5 to 99 percent, preferably from 20 to 95 percent, and more preferably from 30 to 90 
percent, based on the total weight of the liquid feed stream. 

15 In addition to compound(s) I, the liquid feed stream may contain one or more 

non-halogenated saturated or unsaturated compounds such as, nitrites, ketones, aromatic 
compounds, alkenes or alkynes. Exemplary thereof are acetonitrile; acetone; 
C2.6-alkenes, such as ethylene, propene, the butenes, hexenes, cyclohexene or the 
cyclohexadienes; C2.6-alkynes, such as, propyne or the butynes; or benzene. Depending on the 

20 reaction conditions and on the catalyst used in the reaction, these compounds may also be 
hydrogenated. However, if present, the total weight of the non-halogenated saturated and 
unsaturated compounds generally is less than 50 percent, preferably less than 30 percent, mor 
preferably less than 1 5 percent, based on the total weight of the liquid feed stream. 

The liquid feed stream may also contain one or more halogenated saturated 

25 compounds, such as f luorinated or chlorinated saturated compounds which preferably 
comprise from 1 to 24, more preferably from 2 to 24, most preferably from 2 to 1 2 carbon 
atoms. Preferred compounds are chlorinated C2.6*a(l(dnes or chlorinated cycloalkanes, such as, 
monochloro, dichloro. trichloro or tetrachloro- ethanes, propanes, butanes, pentanes, hexan s, 
cyclopentanes or cyclohexanes. The most preferred halogenated saturated compounds are 

30 fully hydrogenated compounds I, that is, compounds (II). Alternatively, the liquid feed stream 
may contain one or more compounds (II) which have some, but a decreased level of, >C = 0, 
olefinic and/or aromatic >C=C< group(s), as compared to the level of these groups in 
compound(s) (i). If present, the total amount of compound(s) (II) and/or one or more other 
halogenated saturated compounds in the liquid feed stream preferably is from 1 to 95 percent, 

35 more preferably from 5 to 80 percent* most preferably from 10 to 70 percent, based on the 
total weight of the liquid feed stream. 

If the halogenated compound (I) comprises more than one >C=0, olefinic 
and/or aromatic >C = C < groups, some or all of these groups can be hydrogenated according 

-4- 
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to the present inv ntion. Preferably, substantially all >C=Oand >C=C< groups are 
hydrogenated, that m ans that pr ferably at least 90 p rcent, more preferably at least 95 
p rcentandm stpref rably at least 98 p rcentofth se groups ar hydrogenated in the 
process of the present invention. 

5 The molar ratio between the hydrogen in the hydrogen-rich gaseous stream and 

the total number of >C = 0, olefinic and/or aromatic >C = C< groups in the halogenated 
compound(s) (I) preferably Is at least 1:1, more preferably from 1 : 1 to 20: 1 , most preferably 
from 1:1 to 1 0: 1 . Besides hydrogen, the hydrogen-rich gaseous stream may comprise minor 
amounts of other components, such as C^e-alkanes or C2-6-alkenes or hydrogen halide. 

^ 0 Preferably, the weight of hydrogen amounts to at least 70 percent, preferably to at least 90 
percent and more preferably to at least 98 percent. The amount of the other components 
preferably does not exceed 30 percent, more preferably 10 percent, most preferably 2 percent, 
based on the total weight of the hydrogen-rich stream. 

The hydrogenation of the halogenated compound(s) (I) to the halogenated 

1 5 compound(s) (II) described below is conducted in the presence of a catalyst. Suitable 

hydrogenation catalysts are known in the art. Generally, they are based on one or more metals 
of Group VIII of the Periodic Table of Elements, such as iron, cobalt, nickel, ruthenium, 
rhodium, palladium, osmium, iridium or platinum, on carriers, such as activated carbon, silica, 
titanium dioxide, zirconium dioxide and/or alpha-, beta- or gamma-alumina. The 

20 hydrogenation catalyst may further contain one or more of the following components: alkali 
metals, alkaline earth metals, elements of group Ilia, IVa and Va and sulphur components. 

The hydrogenation is generally conducted at a pressure of 1 to 100 bar, 
preferably 2 to 70 bar, more preferably 5 to 50 bar. The hydrogenation is preferably conducted 
at a temperature of up to 200*C, more preferably from 1 5*C to 150'C, most preferably from 

25 20*'C to 1 0O'^C. It may be desirable to heat the reactor(s) used for the hydrogenation or to 
preheat the liquid feed stream comprising compound(s) (i) and/or the liquid recycle stream 
comprising compound(s) (II) at the beginning of the hydrogenation reaction if an initial 
elevated temperature is desired. However, when the exothermic reaction reaches its steady 
state, heating is stopped and the reactor(s) is/are preferably operated adiabatically. Preferred 

30 liquid residence times on the catalyst are from 0.5 to 60 minutes, more preferably from 1 to 25 
minutes, most preferably from 2 to 15 minutes. 

Advantageously, the ratio between the liquid recycle stream comprising one or 
more compounds (II) and the liquid feed stream comprising one or more compounds (I) is 
controlled such that the temperature in the hydrogenation reaction does not exceed 200°C. 

35 Preferably, the ratio between the two above-mentioned streams is controlled such that the 

temperature in the hydrogenation reaction is from 1 S'^C to 1 SO^'C, more preferably from 20**C to 
100**C. This ratio between the two streams can be controlled and regulated by keeping the 
flow of the liquid feed stream comprising compound(s) (I) constant and adjusting the flow of 

-5- 
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th liquid recycl stream c mprising compound(s) (II) rvic versa. If the concentrati n f 
c mpound(s) (I) varies in the liquid feed stream, the liquid feed stream is preferably analyzed 
and its flow adjusted befor it is f d into the hydr genation reactor(s). 

The weight ratio between compound(s) (II) and compound(s) (I) in the 

5 hydrogenatioh reaction Is preferably from 1 : 1 to 1 00: 1 , more preferably from 2 : 1 to 50: 1 , most 
preferably from 5: 1 to 40: 1. It is to be understood that not the entire amount of compound(s) 
(II) must originate from the liquid recycle stream. A portion of compounds (II) present in the 
hydrogenation reaction may be comprised in the liquid feed stream, as described above. 
Furthermore, at the Initial phase of the reaction, compound(s) (11) is/are preferably provided 

1 0 from another source as long as not a sufficient amount of compound(s) (II) is produced for 

providing a sufficient liquid recycle stream. When the reaction reaches a steady state, the only 
source of compound(s) (II) generally is the liquid recycle stream and optionally the liquid feed 
stream. In order to conduct a continuous and cost-efficient hydrogenation, it Is essential that 
at least a portion of the compound(s) (II) comprised in the reaction mixture originates from the 

1 5 liquid recycle stream. Preferably from 20 to 1 00 percent, more preferably from 30 to 1 00 
percent, most preferably from 50 to 100 percent of the total weight of compound(s) (II) 
comprised In the reaction mixture originates from the liquid recycle stream. It is to be 
understood that in the process of the present Invention the liquid recycle stream may be 
subjected to one or more separation and/or purification steps before It is recycled to the 

20 hydrogenation reaction. For example compound(s) (II) may be separated from possible by- 
products and purified before feeding compound(s) (II) into one or more hydrogenation 
reactors. However, such separation and purification steps generally are not necessary and are 
not advantageous. 

The hydrogenation reaction is generally conducted continuously in one or more 
25 reactors. Preferred reactor types are a heat-insulated drum without a jacket, an insulated tube 
or an Insulated vessel which is Internally equipped with multiple tubes. The use of jacketed 
vessels or heat exchangers, as reactors is not excluded, however, these reactors generally do not 
provide any special advantages. The liquid streams may flow co-currently or counter-currently 
to the hydrogen-rich gaseous stream. The liquid streams may flow from the bottom to the top 
30 or vice versa. The hydrogenation reactors may contain a f luldized, fixed or, preferably, a trickle 
catalyst bed. The reactor(s) may contain fillings which are Inert under the conditions chosen In 
the reactor(s). Useful inert fillings are for example glass or ceramic beads. 

The use of more than one reactor may be advantageous in case the liquid feed 
stream comprises a high concentration of compound(s) (I), If two or more reactors are used, 
35 preferably the entire amount of the liquid recycle stream comprising compound(s) (II) is fed 
into the first reactor and the liquid feed stream comprising compound(s) (I) is partially fed into 
the first reactor and partially into the subsequent reactor(s). The entire amount of the 
hydrogen-rich gaseous stream can be fed into the first reactor. Alternatively, the hydrogen- 

-6- 
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rich gase us str am can be partially fed into the first r actor and partially into the subsequent 
reactor(s). 

The reactor(s) is/are pr ferably kept at mild conditions which all ws lective 
hydrogenation of the >C = 0, olefinic and/or aromatic >C=C< groups In compounds (I) and 

5 at which the formation of undesired by-products by hydrodehalogenation or by 

polymerization is minimized. These conditions are described above in general and in the 
following examples in more detail. 

It should be noted that the described reaction conditions are the preferred 
conditions when the hydrogenation reaction has reached a steady state. The produced 

^0 compounds (II) have no or a decreased level of >C=0, olefinic and/or aromatic >C=C< 
groups. Generally, the molar ratio between the >C=0. olefinic and/ or aromatic >C=C< 
groups in compounds (1) and the >C=0, olefinic and/or aromatic >C=C< groups in 
compounds (II) is at least 2: 1 , preferably at least 9: 1 , more preferably at least 1 9: 1 , and most 
preferably at least 49 : 1 . 

^5 If the above-described liquid feed stream comprising one or more compounds (I) 

has been contacted with a molar excess of hydrogen as described above« the process of the 
present invention preferably comprises the following steps: a) contacting a liquid feed stream 
comprising one or more of the above-mentioned compounds (I) with the hydrogen-rich 
gaseous stream and a liquid recycle stream comprising one or more of the above-mentioned 

20 compounds (II) in the presence of a catalyst, b) separating the product stream obtained in step 
a) into a hydrogen-rich gaseous stream and a liquid product stream comprising one or more 
compounds (It) and c) recyclinga portion of the liquid product stream comprising one or more 
compounds (II) to process step a). 

The preferred reaction conditions in step a) are described above. The product 

25 stream obtained in step a) is preferably cooled before it is subjected to a gas/liquid separation 
in step b). The temperature in step b) preferably is from -1 0"C to + 50**^ more preferably from 
5 to 30°C, most preferably from 10 to 25*C. The pressure in step b) generally is from 1 to 100 
bar, preferably from 1 to 50 bar. more preferably from 1 to 6 bar. The pressure in step b) is 
preferably lower than the pressure in step a). Step b) can be conducted in a known gas/liquid 

30 separation device. 

In step c) a portion of the liquid product stream comprising one or more 
haiogenated compounds (II) is recycled to process step a). Preferably from 20 to 95 percent, 
more preferably from 25 to 90 percent of the total volume of the liquid product stream 
comprising one or more compounds (II) is recycled to step a). It may be advantageous to recycle 

35 a portion or all of the hydrogen-rich gaseous stream obtained in step b) to step a). 

Compound(s) (II) obtained in the hydrogenation reaction can be further 
processed according to known methods, for example by hydrodehalogenation as described in 
U.S. Patent Nos. 5,316,663 and 4,899,001. 

-7- 
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The present inventi n is further illustrated by the following examples which 
should not b constru d to limit the scope of the present invention. Unless stated othenA^ise, 
all ratios, parts and percentages are given by weight. 



5 Example 1 

A vertically installed tube made of stainless steel was used as a hydrogenation 
reactor. The tube contained 100 g of a palladium catalyst on alumina. The remaining volume 
of the tube was filled with glass beads. The reactor was operated in a trickle-bed mode. The 
pressure in the hydrogenation reactor was controlled by means of a pressure control valve. The 

JO reactor effluent was cooled in a jacketed cooler, wherein the coolant has a temperature 
between 1 S^'C and 20"C. The effluent from the cooler was fed into a gas-liquid separator. 
Excess hydrogen and any hydrogen chloride and alkanes formed in the reaction as by-products 
leave the gas-liquid separator via a gas outlet at the top. The pressure in the gas-liquid 
separator was controlled by means of a pressure-control valve which was connected to the gas 

J 5 outlet of the gas-liquid separator. The liquid product stream was collected at the bottom of 
the gas-liquid separator. A portion of the liquid product stream was recycled to the 
hydrogenation reactor and the remainder was fed into a product vessel. 

Before starting the hydrogenation process, hydrogen was fed into the 
hydrogenation reactor at a rate of 25 Nl/h. Liquid 1 ,2-dichloropropane was fed into the 

20 hydrogenation reactor at a rate of 300 g/h. The pressure in the hydrogenation reactor was 
adjusted to 41 bar. Feeding was continued until a sufficient liquid level was achieved in th 
gas-liquid separator. The pressure in the gas-liquid separator was adjusted to 6 bar. 
Thereafter, the liquid was recycled from the gas-liquid separator to the hydrogenation reactor 
at a rate of 600 g/h. Direct feeding of fresh 1,2-dichloropropane into the hydrogenation 

25 reactor was stopped. The temperature in the reactor was 20''C. A liquid feed stream consisting 
of 70 percent of 1,2-dichioropropane and 30 percent of 2,3-dichloropropene was introduced 
into the hydrogenation reactor at ah initial rate of 30 g/h. The feed rate was gradually 
increased until the maximum temperature on the catalyst bed in the reactor had risen to 30*'C. 
The final feed rate was 60 g/h. The liquid residence time on the catalyst bed was 6 minutes. As 

30 the hydrogenation reaction proceeded, the liquid level in the gas-liquid separator increased, 
but it was adjusted by means of a level-control valve which opened regularly to allow liquid to 
flow to the product vessel. Analysis of the liquid product by gas chromatography showed that 
the product consisted of 97 percent of 1 ,2-dichloropropane, 3 percent of hydrogen chloride 
and traces of propane. Analysis of the gas stream leaving the gas-liquid separator showed that 

35 it consisted of hydrogen and traces of hydrogen chloride and propane. 



-8- 
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Example 2 

Example 1 was repeated, except that th liquid feed stream consisted f 70 
percent of 1 ,2-dichl ropropane, 20 percent f 1 ,3-clkhlor propene and 10 percent of 
3,3-dichloropropene. After the reaction had achieved a steady state, the liquid product 
consisted of 70 percent 1.,2-dlchloropropane. 19.5 percent of 1 ,3-dlchloropropane, 8.5 percent 
of 1,1-dichloropropane, less than 1 percent of 1-chloropropane, less than 2 percent of 
hydrogen chloride and traces of propane. The gas stream leaving the gas-liquid separator 
consisted of hydrogen and traces of hydrogen chloride and propane. 
Example 3 

Example 1 was repeated, except that the liquid feed stream consisted of 50 
percent of 2-chloropropane, 10 percent of propene, 30 percent of 2-chloropropene, 8 percent 
of 1-chloropropene (sum of cis- and trans-isomers) and 2 percent of 3-chloropropene. The 
pressure in the gas-liquid separator was adjusted to 21 bar. After the reaction had achieved a 
steady state, the liquid product consisted of 80 percent of 2-chloropropane, 10 percent of 
1-chloropropane, 8 percent of propane and 2 percent of hydrogen chloride. The gas stream 
leaving the gas-liquid separator contained about 1 percent of propane, the rest being 
hydrogen. No hydrogen chloride was found. 
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1. Apr cess for hydrog nating a ha! genated comp und (1) containing one 
ormor >C = 0, lefinic and/or ar matic >C = C< groups f rpr ducing a hal genated 

c mpound (II) having no or a deer ased I v I of >C=0, olefinic and/or aromatic >C = C< 
groups, characterized in that a liquid feed stream comprising one or more of said compounds 
5 (I) is contacted with a hydrogen-rich gaseous stream and a liquid recycle stream, comprising 
one or more of said compounds II, in the presence of a catalyst. 

2. The process of Claim 1 , characterized In that the ratio between the liquid 
recycle stream comprising one or more of said compounds (II) and the liquid feed stream 
comprising one or more of said compounds (I) is controlled such that the temperature during 

1 0 the hydrogenation does not exceed 200''C. 

3. The process of Claim 2, characterized in that the ratio between the liquid 
recycle stream comprising one or more of said compounds (II) and the liquid feed stream 
comprising one or more of said compounds (I) is controlled such that the temperature during 
the hydrogenation is from 1 5 to 1 50**C. 

15 The process of any one of Claims 1 to 3, characterized in that the pressure 

during the hydrogenation Is from 2 to 70 bar. 

5. The process of any one of Claims 1 to 4, characterized in that the 
hydrogenation is conducted in the presence of a molar excess of hydrogen and the process 
comprises the steps of 

20 a) contacting a liquid feed stream comprising one or more of said compounds (I) with a 
hydrogen-rich gaseous stream and a liquid recycle stream comprising one or more of said 
compounds (II) in the presence of a catalyst, 

b) separating the product stream obtained in step a) into a hydrogen-rich gaseous stream and a 
liquid product stream comprising one or more of said compounds (II) and 
25 c) recycling a portion of the liquid product stream comprising one or more of said compounds 
(II) to step a). 

6. The process of Claim 5, characterized in that the weight ratio between 
compound(s) (II) and compound(s) (I) in the hydrogenation reaction is from 1 : 1 to 100 : 1. 

7. The process of any one of Claims 1 to 6. characterized in that the 
30 temperature in step b) is from -10 to + BO^'C. 

8. The process of any one of Claims 1 to 7, characterized in that substantially 
a'l >C=0, olefinic and aromatic >C=C< groups comprised in c6mpound(s) (I) are 
hydrogenated. 

9. The process of any one of Claims 1 to 8, characterized in that the 

35 halogenated compound(s) (I) is/are an olefinic or aromatic chlorinated compound of 2 to 1 2 
carbon atoms or a mixture of two or more such compounds. 
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10. The process of any one of Claims 1 to 9, characterized in that the 
harogenated compound(s) (I) is/are an olef Inic chlorinated compound of 2 to 6 carbon atoms or 
a mixture of two or more such compounds. 

5 



10 



15 



20 



25 



30 



35 



-11- 



INTERNATIONAL bbAKi^ri KcrvJKl 


Intet Appltcaoon No 

PC^B 95/14876 


A. CLASSIFICATION OF SyWECTMAriti^ 

IPC 6 C07C17/354 C07B35/O2 

According to Intcramtiotul P*i>em Qagification (IPQ or to both nanoni clmfimion and IPC _— 




Mimmum documeniatton icarched (dasnfication «yttem followed by dasnficaoon symbols) 

IPC 6 C07C C07B 


Docui^cmalion seaicfacd otticr than mimmum documentation to the extent that nich documents are included m die field, searched 


ElecDonic datn base consulted durmg die mtemationai search (name of datA base and, where prmcocai. search teim. used) 


C. DOCUM 
CaiegDry * 


ENTS CONSIDERED TO BE RELEV A NT 

atalion of documenu wid» indicaticn, where approphaie. of the rdevant passages 


Relevant to claim No. 


A 
A 


GB.A,1 008 175 (SHELL INTERNATIONALE 
RESEARCH MAATSCAPPIJ N.V.) 27 October 1965 
see the whole document 

US, A. 4 899 001 (T.N. KALNES ET AL.) 6 

February 1990 

cited in the application 

see the whole document 


1 
1 


n 


her documents are l.«ed in me continuanon of box C. [x] PKnU-mly members are h««l m «inex. 


• Spcaal categones of ciud documents : T Uier document published after «»J^«»i.^J^^^ 

or ononty date and not in oonflict with Che appbcanon but 
•A- document defuung the general sute of the an which w not airf to undenlMid the fTOCiple or theory underlying me 

considewdiobeof particular relevance mvcoiion . . , 

-E- ^terdocumentbutpubiishedonoraftert^ -X' ^^^IJSSSSI^rJ^ 

fdmgdaU S^wSveininv^ 

•O- document referring to an oral dudosure, use. exhibition or SSSTSeh eomlanalion being obvious to a person dolled 

odicr means ^ ^ in the art. 
•P* document published prior to the intematiooal Qling date but document member of the same patait family 

later than the priority date claimed — — 


Date of the actual completion of the international search 

18 March 1996 


Date of maaing of the interaaDonAi search report 

25.0196 


Name and maUing ad<to^ of the ISA 

European Patent Office. P.B. 581 8 PatenUaan 2 
NL • 3280 HV Rijswijk 
Td. ( + 31-70) 340-2040, Tx 31 6SI epo nl. 
Fax: ( + 31-70) 340-3016 


Bonnevalle» E 



Pomi PCT/ISA/aiO (Mcond clMSt) (iuly 1991) 



IMTERNATIONAL SEARCH REPORT 

L^ormaiian on patent family m cm bcri 



naJ Application No 

CT/US 95/14876 



Patent document 


1 Publication 


Patent family 


Publica.tion 


ciced in aearch report 


1 date 


member(s) 


date 



GB-A- 1008175 



DE-B- 
FR-A- 
US-A- 



1272295 
1379594 
3278611 



05-03-65 
11-10-66 



US-A-4899001 06-02-90 NONE 



Fem PCniSA/aie (pMBl lamuy 



DUtthPlMI) 



